
Til raI^ UQ
A u g u s t 22, 1989
Pro jec t No. 9672-01

r'
*n

-TJ LT
?

l, Science;. Comulumi. Int .
Onr Trunplc Drivr
hxpon

Peter J. Kalis, Esquire
Kirkpatrick & Lockhart
1500 Oliver Building
Pittsburgh, PA 15222

Dear Mr. Kalis:

Summary Report
Geophysical Survey of

Impoundment No. 3
Fansteel Metals

Muskogee, Oklahoma

Ear th Sc iences C o n s u l t a n t s , Inc. (ESC) has completed geophysical surveying
a c t i v i t i e s in the v i c i n i t y of I m p o u n d m e n t No. 3 at the Fans tee l M e t a l s
( F a n s t e e l ) p lant in Muskogee, Oklahoma to delineate a potential groundwater
contaminant plume a s soc i a t ed w i t h the J u l y 18 , 1 9 E 9 i m p o u n d m e n t f a i l u r e .
B e c a u s e w a s t e w a t e r spilled from the impoundment reportedly had a low pH and
high metals concentrat ion, groundwater conduc t iv i ty values should be signifi-
c a n t l y h ighe r in areas i m p a c t e d by the spilled was tewater . Therefore , to
delineate anomalous conduct iv i ty areas (which ere assumed to c o r r e l a t e w i t h
p o t e n t i a l g r o u n d w a t e r contaminet ior . ) . an e lec t romagnet ic terrain conduct iv-
ity (EM) survey was conducted over the area displayed in Figure 1.

T h e E M u n i t u s e d f o r t h i s su rvev w a s a G e o n i c s L i m i t e d EM34-3 g r o u n d
conduc t iv i ty meter . The uni t consists of r e c e i v i n g and t r a n s m i t t i n g co i l s
wi th a s s o c i a t e d h a r d w a r e t o g e n e r a t e a n d m e a s u r e e lec t romagne t ic f i e ld s .
The coils are a lways oriented such t h a t they are c o p l e n a r , but their axes
can be e i t he r v e r t i c a l or hor izonta l . Vith the coil exes oriented horizon-
ta l ly , the e f f e c t i v e depth o f i n v e s t i g a t i o n ( s k i n d e p t h ) i s a p p r o x i m a t e l y
0 . 7 5 t imes the coil separa t ion . V i th the ceil axes ver t i ca l ; the skin depth
is approximately 1.5 times the c o i l s e p a r a t i o n . l r . the l e t t e r c o n f i g u r a -
t i o n , the i n s t r u m e n t i s less s e n s i t i v e tc n e e r - s u r f e c e l aye r s but more
sens i t ive t o l a t e r a l c o n d u c t i v i t y v a r i a t i o n s w h i c h m a y p r o d u c e s p u r i o u s
read ings .
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T h i s u n i t m e a s u r e s t h e e l e c t r i c a l c o n d u c t i v i t y o f t h e g round b y i n d u c i n g
eddy c u r r e n t s then m e a s u r i n g t h e s e c o n d a r y m a g n e t i c f i e l d p r o d u c e d . T h e
i n d u c i n g f i e l d is p r o d u c e d by the t r er . sir.i t t e r co i l t h a t i s s e p a r a t e d by a
f ixed h o r i z o n t a l d i s t a n c e f rom t h e r ece iv ing c o i l . T h e i n s t r u m e n t m e a s u r e s
g r o u n d c o n d u c t i v i t y i r . u n i t s of ir.i 1 1 i F i e m e n s per m e t e r w i t h the m e a s u r e d
v a l u e be ing a n apparen t c o n d u c t i v i t y o f t h e e a r t h v o l u m e b e t w e e n t h e g r o u n d
s u r f a c e and an e f f e c t i v e p e n e t r a t i o n dep th de te rmined by the d i m e n s i o n s and
conf igura t ion of the i n s t r u m e n t . The va lue is a w e i g h t e d a v e r a g e s u c h t h a t
the c o n d u c t i v i t i e s o f d e e p l a y e r s o f soil and w a t e r c o n t r i b u t e less to the
measured value than do the c o n d u c t i v i t i e s of sha l low layers .

Data Acquisition and Reduction

T o p r o v i d e r e f e r e n c e p o i n t s f o r d e l i n e a t i n g t h e e x t e n t o f a n o m a l o u s
c o n d u c t i v i t y plumes and to provide unbiased measurement loca t ions , a 5 0 - f o o t
c e n t e r - t o - c e n t e r h a n d - s u r v e y e d grid was es tab l i shed over the area shown in
Figure 1. Because of cu l tu ra l in terferences (man-made i n t e r f e r e n c e s u c h as
b u r i e d p i p e l i n e s o r f e n c e s ) a n d d a t e r e q u i r e m e n t n e e d s , t h e g r i d w a s
modified during survey o p e r a t i o n s . F igure 2 p r e s e n t s a c t u a l m e a s u r e m e n t
l o c a t i o n s o b t a i n e d d u r i n g the course of data acquis i t ion . To conform with
standard geophysical pract ice , the grid was oriented in a north-south d i rec -
t ion. To assess w h e t h e r po t en t i a l l y contaminated groundwater has migrated
off site, addit ional measurements were obrained off the surveyed g r id to the
n o r t h and east of the i m p o u n d m e n t . These are shown in F i g u r e 2 as all
measurement locations east of Line 925 on the X-axis . ( D a t a l oca t ions are
r e f e r r e d by their X-axis p o s i t i o n and then t he i r Y-axis pos i t i on with a
comma separating the two. )

Two se ts of EK d a t a were collected during the course of the s tudy . At each
measurement location, readings were taken w i t h the co i l s in the h o r i z o n t a l
and ve r t i ca l c ipo l e c o r . f i g u r a t i o n s using a 10-meter fixed coil separa t ion .
This procedure yielded two d is t inc t sets of da t a representing skin d e p t h s of
a p p r o x i m a t e l y 25 and 50 f e e t , r e s p e c t i v e l y . B e c a u s e g r o u n d w a t e r ranged
between 15 to 25 fee t below ground s u r f a c e , these skin d e p t h s w e r e s u f f i -
cient tc investigate groundwater conduc t iv i t i e s .

A f t e r d a t a a c q u i s i t i o n was c o m p l e t e d , i t was necessary to reduce the data
in to a format c o n d u c i v e to i n t e r p r e t a t i o n . B e c a u s e g round c o n d u c t i v i t y
p a t t e r n s are more e a s i l y interpreted on maps in £ line format , the data are
d i sp layed on isopleth caps and isometr ic enhancements to del ineate conduct iv-

t y v a r i a t i o n s . i o r .anc i€ the rge d a t a se t e f f i c i e n t l y , a c o m p u t e r
p r o g r a m u t i l i z i n g tne - in irauir, c u r v a t u r e r ae thoe o r g r i o c i n g was usec to
g e n e r a t e the isopleth maps and isometr ic enhancements necessary to in terpret
the d a t a .

Results

The det.e c o l l e c t e d d u r i n g t h i s inves t iga t ion were in te rpre ted to de l inea te
anomalous c o n d u c t i v e plumes that could i n d i c a t e the p r e s e n c e of g r o u n d v a t e r
c o n t a m i n a t i o n . In a d d i t i o n , the d a t a were e v a l u a t e d to assess the impact of
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c u l t u r a l i n t e r f e r e n c e s o n d a t a q u a l i t y a n d t o in te rpre t t h e v a l i d a t e d da t a
in terms of was te d i s t r i b u t i o n s and poss ib le c o n t a m i n a n t sources.

F i g u r e 3 i s an i s o p l e t h cap of EM d a t a w i t h an e f f e c t i v e dep th of pene t ra -
t i o n c f 2 5 f e e t . F i g u r e « d i s p l a y s t h e same d a t a b u t a s a n i s o m e t r i c
e n h a n c e m e n t . I n s p e c t i o n o f t h e s e t w o f i g u r e s r e v e a l s a l a r g e i r .agni tude
l i n e a r c o n d u c t i v i t y a n o m a l y r u n n i n g d u e n o r t h f r o m P o s i t i o n 2 5 0 , 3 0 0 t o
a p p r o x i m a t e l y 2 5 0 , 6 0 0 . B e c a u s e o f t he l inear n a t u r e , very high a m p l i t u d e
ma in b o d y , and sharp t ransverse c u t o f f , the anomaly is cons idered a c u l t u r a l
i n t e r f e r e n c e ( p o s s i b l y a b u r i e d p o w e r l i n e or p ipe l ine ) . The remainder of
t h e d a t a d i s p l a y e d i n t h e s e f i g u r e s a p p e a r s t o b e f r e e o f c u l t u r a l
in t e r f e rences .

C o n d u c t i v i t y m e a s u r e m e n t s a d j a c e n t t o t h e i m p o u n d m e n t d i s p l a y e l e v a t e d
read ings as would be expected cons ider ing the s ize of the sp i l l . H o w e v e r ,
f u r t h e r i n s p e c t i o n o f t h e d a t a d i s p l a y s s u b t l e decreases i n c o n d u c t i v i t y
values wi th increas ing d i s t a n c e f r o m t h e i m p o u n d m e n t . A p p r o x i m a t e l y 2 0 0
feet north of the impoundment , c o n d u c t i v i t y values drop to background levels.
This correlates wi th the exis t ing groundwater c h e m i s t r y d a t a t h a t i n d i c a t e
c o n t a m i n a n t m i g r a t i o n to the n o r t h i s not o c c u r r i n g . B e c a u s e the large
amplitude cul tural in terference to the wes t of the impoundmen t w o u l d mask
c o n d u c t i v i t y anomal ies generated by potential groundwater contaminat ion, an
e v a l u a t i o n o f g r o u n d w a t e r i m p a c t s i n t h i s d i r e c t i o n c a n n o t b e m a d e .
M e a s u r e m e n t s taken in the v i c i n i t y of O u t f a l l No. 3 indicate conduc t iv i ty
values drop to background levels within approximately 180 fee t n o r t h e a s t of
the i m p o u n d m e n t . ( O u t f a l l No. 3 is l o c a t e d a l o n g the northeastern fence
line in the downgradient d i r ec t i on . ) T h e r e f o r e , based on the g e o p h y s i c a l
d a t a to the eas t and n o r t h e a s t , i t appears that groundwater contaminat ion
has not migrated beyond the fence line in this direct ion. H o w e v e r , b e c a u s e
of s i g n i f i c a n t e l e v a t i o n changes in t h i s d i rec t ion, accurate conduc t iv i t y
measurements could not be obtained. Therefore, the geophysical d a t a may not
be representa t ive of true groundwater cond i t ions in this d i rec t ion .

F igu re 5 is an i sop l e th nap of EK data wi th an e f f e c t i v e depth of penetra-
t ion of 50 f e e t . F igu re 6 d i s p l a y s the same d a t a but in an i s o m e t r i c
e n h a n c e m e n t . In general, there is a good correlat ion cf c o n d u c t i v i t y trends
be tween these d a t a a n d t h e s h a l l o w e r c a t s . H o w e v e r , t h e l i n e a r t r e n d
be-tween Pos i t ions 250.200 and 250,600 is more pronounced and the da ta values
d i s p l a y g r e a t e r v a r i a t i o n i n a m p l i t u d e . T h i s i s t y p i c a l w i t h v e r t i c a l
c ipc ie d a t a because the EM34 sensor is more sensitive to lateral conduc t iv -
ity va r i a t ions and is prone to be inf luenced by nearby meta l l ic objects .

In s u m m a r y , bo th the v e r t i c a l and h o r i z o n t a l d i p o l e EK data coupled with
avai lable chemistry data provide ev idence that nea r - su r face g r o u n c w a t e r has
been i r r .pac ted by v a s t e w a r e r r e l e a s e d f r o m I m p o u n d m e n t Ko . 3 c u r i n g the
July i£ , 19S9 impoundment f a i l u r e . The g e o p h y s i c a l d a t a and g r o u n d w a t e r
c h e m i s t r y d a t a p r o v i d e e v i d e n c e t h a t g r o u n d w a t e r 20C fee t to the north o f
the i impound me r . t has not been i m p a c t e d by the s p i l l and t h a t c o n t a m i n a n t
m i g r a t i o n b e y o n d 200 f e e t i n t h i s d i r e c t i o n i s no t o c c u r r i n g . Groundwate r
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i m p a c t s to the wes t , eas t , and south of the impoundment cannot be determined
b e c a u s e o f t h e c u l t u r a l i n t e r f e r e n c e s . S h o u l d y o u h a v e a n y q u e s t i o n s ,
please c o n t a c t us .

S ince re ly ,

David R. Perry
Project Hydrogeologis t

Scott C. Blauve l t
Director Geosciences

DRP/SCB:kms

Enclosures

cc: K. Mocniak
T. S. Carlile, Jr.
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